) fertilizer rates and foliar application of boron in sthe form of H 3 BO 3 (0 and 100 ppm) as well as their interactions on potato yield and its quality (Solanum tuberosum L.) cv. Spunta cultivar. A split-split-plot system in a randomized complete blocks design with three replicates was used in this respect. The obtained results indicated that significant increase in no. of tubers/plant, average tuber weight (g) and tuber yield was observed with 150 kg N fed -1 over control. Increase in tuber yield with 96 kg K 2 O fed -1 was statistically significant compared to other treatments. The quality parameters like dry matter, specific gravity, total carbohydrate, reducing sugar and starch contents were improved with both nitrogen and K application. Spraying potato plants with boron at a rate of 100 ppm significantly increased yield and its components as well as quality of tubers. Interaction treatments among different rates of nitrogen, potassium fertilization and boron foliar application were significant on potato yield and quality. In general, the best interaction treatment among different rates of nitrogen, potassium fertilization and foliar application of boron was fertilization with 150 kg N fed -1 in the form of ammonium sulphate, 96 kg K 2 O fed -1 in the form potassium sulphate and foliar application of boron to improve both yield and quality of potato crop as compared with other treatments.
INTRODUCTION
Potato (Solanum tuberosum L.) is one of the most important food crops as a member of the family solanaceae all over the world including Egypt. It ranks the first export and the second vegetable crop in energy. Potato require huge amounts of N and P fertilizers for optimum growth, production and tuber quality (AlMosbileh and Errebi, 2004) .
Nitrogen supply plays a paramount part in the balance between vegetative and its reproductive for potato (Alva 2004) . Suitable nitrogen administration is one of the most important agent required to obtain high yields with superior potatoes quality. An adequate early season N supply is remarkable to support vegetative growth, but too much soil N later in the season will repress tuber initiation, decrease yields, and reduce the specific gravity in some cultivars. A lot of previous studies have shown that application of nitrogen fertilization can increase total and/or marketable tuber yield (Kara 2002; Zebarth et al. 2004 and Zelalem et al. 2009) .
Potassium is one of fundamental element required for plant growth and production. It is labeled as a macronutrient as nitrogen and phosphorus. It has a function vital part in photosynthesis, carbohydrate transport, formation of protein, ionic balance control, water use activation and regulation of plant stomata of plant enzymes (Munson et al., 1985) . According to Abd El-Aal et al. (2008) studied the addition of K at 90 units/fed and resulted in the best values of plant growth, average number of shoots, leaves number as well as fresh and dry weight and gave heaviest tuber yield as well as number and size of tuber per plant and raised, the concentration of the nutrient elemental in tubers yield tissues.
Boron is one of mineral nutrients that are wanted for natural plant growth. The substance of B for growth and evolution of higher plants has been earlier confirmed (Marschner, 1995) . The boron main functions relate to development and cell wall strength, fruit and seed development, cell division, hormone development and sugar transport. Some boron functions connected with those of N, P, K and Ca in plant. The most suitable boron functions in plants are thought to be its structural role in cell wall development; and inhibition of specific metabolism pathways or stimulation.
The objective of the present study is to evaluate the effect of different levels of nitrogen and potassium fertilizer and foliar application of boron as well as their interactions on yield and quality of potato plants (Solanum tuberosum L.) cv. Spunta.
MATERIALS AND METHODS
Two field workout were managment to study the effect of nitrogen, potassium fertilizer rates and foliar application of boron as well as their interactions on yield and its components of potato plants (Solanum tuberosum L.) cv. Spunta cultivar. The experiment were carried out during the two successive winter seasons 2013/2014 and 2014/2015 . Representative soil surface sample (0-30 cm) was taken from the experimental location before planting and prepared to define some chemical and physical properties according to Page et al., (1982) and Klute (1986) as shown in Table ( 1). The experimental layout was a randomized complete blocks design in a split-split-plot system with three replications. Nitrogen fertilizer levels were arranged as the main plots, potassium fertilization treatments were assigned at random in sub-plots, whereas the boron treatments were allocated in the sub-sub-plots. The experimental unit area was 10.5m2 (1/400fed.). The treatments were as follows:
Ammonium sulphate (20.5%N) as a form of nitrogen fertilizer, potassium sulphate (48% K 2 O) as a form of potassium fertilizer, were applied at three equal applications; after 30, 45 and 60 days from planting. A seasonal total of 72 Kg P 2 O 5 fed -1 , as calcium superphosphate (15.5% P 2 O 5 ), was broadcasted during soil preparation. Boron was applied as foliar spray added three times; 45, 60 and 75 days after planting in the rate of 400L/fed.
Potato tubers (Solanum tubersum L.); cv. sponta were used in this study. Seeds were planted on the first week of November 2013 and 2014, respectively.
Measurements Tuber yield:
Tuber number/plant, average tuber weight (g), and total yield/plant (g) were measured by counting and weighing tubers of 10 plants. Total tuber yield (ton/fed) was calculated from tuber yield per plant. Tuber quality characteristics: Quality parameters analyzed included starch, reducing sugars, specific gravity, total carbohydrate and dry matter content. Total carbohydrates were determined by using a colorimetric method as described by Dubois et al. (1956) . Total dry matter was determined by oven drying at 70°C to constant mass. As for reducing sugar described by Naguib (1964) . Tuber dry matter: To determine, tuber dry matter percent, five tubers representing all size categories of the variety, were chopped into small 1-2 cm cubes, mixed thoroughly, and two sub-samples each weighing200 g were weighed. The exact weight of each sub-sample was determined and recorded as fresh weight. Each sub-sample was placed in a paper bag and put in an oven drying at 70°C until constant dry weight was attained after checking the weight at intervals. Each sub-sample was immediately weighed and recorded as dry weight. Then, per cent dry matter content for each sub-sample was calculated [(International Potato Centre (CIP)] (2006). The dry matter percentage was calculated according to Williams and Woodbury, (1968) .
Dry matter % = (weight of sample after drying (g))/ (intial weight of sample (g) X 100.
Specific Gravity (SG): 10 tubers were sampled per plot from the first category to determine the specific gravity using the method of weight in water (Ww) and weight in air (Wa). The SG was calculated by Talburt and Smith (1975) . [SG = Wa/ (Wa -Ww)].
Percentage of starch content in tuber was determined according to A.O.A.C (1995) .
Statistically analyzed of all data were according to the technique of analysis variance (ANOVA). Also, the least significant difference (L.S.D) method was used to compare the deference between the means of treatment values to the methods described by Gomez and Gomez, (1984 The variation in the number of tuber plant -1 was highly significant due to the effect of nitrogen rates. The maximum number of tuber plant -1 (11.00) was recorded at 150 kg/fed of nitrogen and the lower number (3.67) was obtained from the control treatment (Table 2 ). Increasing in tuber number was observed in response to N could be attributed to an increase in stolon number through its effect on gibberellins biosynthesis in the potato plant (Alemayehu et al., 2015) . Nitrogen is one of the main element which has direct part in vital roles in chlorophyll synthesis and growth processes especially the vegetative growth parameters of plants. In agreement with the present finding, a significant increment in tuber number in response to nitrogen application was reported by Jafari-Jood et al., (2013) .
Effect of potassium rates on tubers number plant -1
Regarding the effect of potassium fertilization levels, the obtained results showed that increasing potassium fertilization level from 0.0 up to 96 kg K 2 O/fed significantly increased the number of tuber plant-1 . The highest average tuber numbers per plant was described at 96 kg K 2 O/fed and lowest at K 0 . Potassium is an important element for all plants and has a major effect upon growth and yield of potatoes as well as the general health and vigor of the crop (Abd El-Latif et al., 2011) . It is also involved in enzymes activation significant to utilization of energy, synthesis of starch, metabolism of N, and respiration. These enzymes are numerous in the meristematic tissue at the growing points (like sprouting tuber eyes) where cells are dividing and primary tissues are formed (Havlin et al., 2005) . Effect of boron on number of tubers plant -1 Table ( 2) illustrates that applied of boron significantly increased number of tubers.plant -1 compared to control. Application of boron and in this experiment significantly improved growth parameters of potato plants as compared with control plants. These results could be attributed to the effective role of boron in controlling various enzymes activities and photosynthetic pigments formation, consequently affecting plant growth. The finding was also supported by Bari et al. (2001) . Influence of nitrogen and potassium rates on number of tuber plant -1
It is apparent from data in ( Table 2 ) that different nitrogen and potassium rates influenced significantly on number of tubers.plant- . The increase in number of tuber plant-1 supplemented with nitrogen fertilizer may be due to the availability of mineral nitrogen to potato plant root, which ultimately resulted in better root growth and increased mineral absorption that lead to increase number of tuber plant -1 and this in turn increased total yield. This might be due to positive response shown by yield characters to potassium could be directly linked by well development of photosynthetic and increased physiological activities leading to more assimilates and improved the translocation accumulation of sugars in development of tubers this was reported by Moniruzzamman et al., (2013) . The interaction of the two factors clarifies that all plants responded positively and significantly to boron application with the highest significant effect recorded with nitrogen (Table 2) (12.00).The lowest number of f tuber plant -1 (3.67) was obtained from N 0 B 0 . These results could be attributed to the effective role of boron in controlling various enzymes activities and photosynthetic pigments formation, consequently affecting plant growth. Moreover, interaction between application of nitrogen and boron amended the growth traits of potato plants over those realized with addition of nitrogen alone. This result may be return to synergistic effects of nitrogen and boron, on other words joint application of these nutrients can be more active in plant growth stimulating than their single application.
Effect of interaction between potassium and Boron on number of tuber plant -1
The interaction between potassium levels and boron revealed that the highest effect was recorded with the highest levels of potassium and sprayed with100ppm of boron (Fig. 2 ). Many researchers have proven the disturbance of many physiological process due to boron limitation (Tariq and Mott, 2007) .
Influence of nitrogen, potassium rates and Boron on number of tubers plant -1
Number of tubers plant 2 Average fresh tuber weight (g) Effect of nitrogen rates on average fresh tuber weight (g) All applied nitrogen treatments increased significantly average fresh tuber weight (g) compared to control with superiority to the application rate of150 kg N fed -1 (Table2). The stimulatory effects of N on average of tuber weight might be attributed to the effect of N on plant growth which, in return improve the production of more photosynthesis required for tuber development and formation. These results agreed to a great extent with those reported by (Patricia and Bansal, 1999) .
Effect of potassium rates on average fresh tuber weight (g)
The effect of potassium fertilizer rates had highly significantly effect on average tuber weight, as the K fertilizer rate increased the average tuber weight increased ( Table 2 ) .The significance of potassium application was observed between fertilizer rates and the control and among the rates. The highest average tuber weight (177.75 g) was obtained at rate of 96 Kg K 2 O/fed., whereas the lowest average tuber weight (97.33g) was obtained at the control (Table 2) . In line to this study, Jenkins and Mahmoud (2003) reported that the average tuber weight was generally much greater when all the three nutrients were supplied at a higher level. In addition, Panique et al. (1997) reported that significant increase was happened in the average tuber weight in response to the application of potassium. The increase in average tuber weight of tubers in response to the increased supply of fertilizer nutrients could be related to more more foliage, leaf area, luxuriant growth and higher supply of photosynthesis which may have induced formation of bigger tubers, thereby resulting in higher yields (Patricia and Bansal, 1999) .
Effect of boron on average fresh tuber weight (g)
Data in Table ( 2) indicated that average fresh tuber weight was better with spraying the plants with boron. These result of increase might be due to the suitable role of the used boron in photosynthesis activation, pigments formation and carbohydrates assimilation transfer to the tuber which represent economic part of plant (Marschner, 1995) .
Influence of nitrogen and potassium rates on fresh tuber weight
Average fresh tuber weight as shown in (Table 2 ) responded to the interaction between nitrogen and potassium levels. The interaction effect showed that all treatments were significantly higher than control. The favorable effect of mineral nitrogen fertilizer on fresh tuber weight could be explained through the great role of these fertilizers in enhancing plant growth rate, which exert direct effect on the yield and its components. These results are in harmony with those obtained by Ashour et al., (1997) and Brar (2006) .
Influence of nitrogen and boron on Average fresh tuber weight (g)
Data in Table ( 2) and Fig. (4) indicated that average weight of tuber was significantly increased with application nitrogen and boron. There were positive and significant differences among the different levels of nitrogen and foliar application of boron in respect to average weight of tuber. Average weight of tuber was significantly affected by different levels of nitrogen (Table 2) . Plant receiving N at the rate of 150 kg fed-1 produced significantly higher weight of tuber (197.33g) while the lowest weight of tuber (97.33g) was recorded in control treatment. Absence of boron (B0) gave the lowest weight of tuber (97.33g) while 100ppm boron gave the highest weight of tuber (107.67g). The combined effect of N and B on weight of tuber of potato was significant. The highest average weight of tuber (202.33g) was obtained with the application of N3B. On the contrary the lowest average weight of tuber (97.33) was obtained from N0B0. Improvement of growth parameters and increasing of dry matter accumulation in various plants through nitrogen and boron application has earlier been reported by Bari et al. (2001) . Influence of potassium and boron on Average fresh tuber weight (g) The combined effect of potassium and boron on average fresh tuber weight of potato was not significant ( Table 2) . Influence of nitrogen, potassium and boron on fresh tuber weight (g) Different treatment combinations of nitrogen, potassium and boron had significant effect on average fresh tuber weight as shown in Table ( 2) and Fig. (5) . The highest average fresh tuber weight (230.00 g) was recorded in N150 K96 plus boron treatment, which was highly significant compared to other treatments while the lowest average fresh tuber weight (97.33g) was found by the control treatment. These increases may be due to potassium role in physiological processes inside the plant as photosynthesis; increasing enzyme activity (K is required as Co-factor for different enzymes, it also helps to maintain electro neutrality in plant cells), improving synthesis of protein, carbohydrates and fats, translocation of sugars and enabling their ability to resist pests and diseases (Dkhil et al. 2011) . Also, foliar spray of potato with boron led to significant increases in average fresh tuber weight as compared with the control. 
g). 3 Tuber yields Effect of nitrogen rates on Tuber yields
Increasing the application rates of nitrogen resulted in increasing the total tuber yield from 4.57 to 14.03 ton fed -1 (Table 2) and Fig. (6) . The highest yield was obtained at 150 kg N fed -1 and lowest tuber yield was recorded in N 0 (4.57 t fed -1 ). This effect might be due to application of higher dose of nitrogen which would have helped in increasing growth and higher supply of photosynthesis that may led to increase the tuber weight, tuber diameter and number of tubers. Similar results were also observed by (Sanjana et al., 2014 and Alfred et al., 2000) . Our result are agree with those Mulubrhan (2004) and Zelalem et al., (2009) .
Effect of potassium rates on tuber yields
The effect of different levels of potassium on tuber yields was significant (Table 2) . Tuber yields gradually increased with increasing levels of potassium up to 96 Kg K2O/fed treatment. The highest tuber yields (11.81 t fed-1) was obtained with the application of 96 Kg K2O/fed., which was statistically different from other treatments. The lowest tuber yields (4.57 t fed-1) was produced by control treatment. It was observed that the application of potassium up to 96 Kg K2O/fed increased tuber yields that is in harmony with this study, Eremeev et al. (2009) and Eleiwa et al., (2012) . The role of K in increasing the yield and its components might be attributed to its function in plants which includes energy metabolism and enzyme activation that increase exchange rate and nitrogen activity as well as enhance carbohydrates movement from shoots to storage organs. Potassium application enhanced the stomata resistance coupled with reduced transpiration rate and increased relative water content, thus, may improve water storage capacity of the cells and providing favorable conditions for better yields (Umar and Bansal 1995). They found that application of potassium increased CO2 assimilation and photosynthetic rate. Application of potassium increased photosynthesis that increase nutrient translocation from the upper parts of plant to be accumulated in the tubers. 
Fig. 6. Effect of N rates on tuber yield ton /fed Effect of boron on tuber yields
Potato tuber yield as shown by Table ( 2) was significantly affected by the treatments where boron treatment significantly increased that parameter compared to control. These increases might be due to the suitable role of the used boron in pigments formation, photosynthesis activation and carbohydrates assimilation diverted to the tuber which represent economic part of plant (Marschner, 1995) .
Effect of interaction between nitrogen and Potassium rates on tuber yields
The combined effect of nitrogen and potassium on tuber yield of potato was significant ( Table 2 ). The highest tuber yield of potato (17.21 fed-1) was recorded in N150K96 treatment, which was statistically different from other treatment combinations. The second highest tuber yield of potato (15.35t fed-1) was found in N150 K72 treatment combination, which was also significantly different from other treatments. The lowest tuber yield of potato (4.57 t fed-1) was noted in control treatment where neither N nor K was added. Potassium along with nitrogen plays a major role in growth and yield as they are involved in assimilation, transportation and storage at the time of photosynthesis and the effect of N and K interaction in potato yield was reported by Susan Johan et al., (2013) . The increase in yield and size of tuber could not only by the effect of K fertilizer but also its combination with N was reported by Pushpalatha et al., (2017) .
Effect of interaction between nitrogen and Boron on Tuber yields
With regard to the interaction between foliar spray of boron and different rates of nitrogen (0, 90,120 and 150 kg fed-1), data presented in Table ( 2) revealed that the combined effect of N and B on tuber yields was significantly increased. The highest tuber yield of potato (14.58t/fed) was recorded in N150 plus B treatment. The lowest tuber yield of potato (4.57t fed-1) was noted in control treatment where neither N nor B was added. This positive effect of boron application may be attributed to boron role in cell wall synthesis, cell division, cell development and auxin metabolism (Mengle and Kirkby 1978) .
Effect of interaction between potassium and Boron on Tuber yields
With regard to the interaction between foliar spray of boron and different rates of potassium (0, 72 and 96 kg K2O fed-1), data presented in Table ( 2) revealed that fertilization with different potassium rates as well as boron spray significantly promoted tuber yields and its components compared to potassium or boron spray alone treatment. The positive effect of potassium, boron and its combination treatments on potato tuber yield and its components could be interpreted by multiple physiological functions of both elements. Potassium has a crucial role in the energy status of the plant, translocation and storage of assimilates and maintenance of tissue water relations (Marschner, 1995) . The ability of potassium to improve potato tuber yield and its components was reported by Kumar et al., (2007) . Also, it has roles in cell elongation and nucleic acid synthesis (Shelp, 1993) .
Effect of interaction among nitrogen, potassium and Boron on Tuber yields
The interaction effect of nitrogen, potassium and boron was significant on tuber yields. Tuber yield was significantly increased with increasing levels of N up to level (150 kg fed-1). Application of 150 kg N fed-1 produced the highest tuber yield (14.03 t.fed-1) which was significantly different from other treatments of nitrogen ( Table 2 ). The lowest tuber yield (4.57t fed-1) was obtained in control treatment. The combined effect of nitrogen, potassium and boron on tuber yield was significantly influenced. The highest tuber yield (17.78 t fed-1) was recorded in N3K2 plus B treatment, which was statistically different from other treatment combination. The lowest tuber yield (4.57 t fed-1) was noted in control treatment where neither of them (N, K and B) was added. II. Quality parameters of potato tubers 1 Effect of nitrogen on specific gravity, starch, and dry matter percentage Data presented in Table ( 3) clearly that the price of potato tubers is usually determined based on a combination of yield and tuber quality factors such as tuber specific gravity, starch, and dry matter percentage. In this study, specific gravity, starch and dry matter contents increased with N application rates. There was a positive and significant difference among the different levels of nitrogen in respect to starch, specific gravity, and dry matter content. Specific gravity increased with increasing levels of nitrogen up to higher level. The highest specific gravity (1.086 gcm-3) was produced with 150 kg N/fed and the lowest specific gravity (1.041 g cm-3) was found in control treatment. The effect of N on starch was influenced significantly (Table 3) while the highest starch content (15.73%) was recorded from the treatment of 150 kg N/fed and the lowest starch content (13.31%) was found in control treatment. Also, the increasing in dry matter content recorded with the application of N up to 150 kg N/fed which was from 18.42 to 23.88% in potato.
Effect of potassium on specific gravity, starch and dry matter percentage
The specific gravity as a quality measure related to the dry matter contents was positively affected by K fertilization Table ( 3). The dry matter was higher in potato harvest from the plots treated with 96 kg K2O fed-1 than those of control. A large increase in tuber starch was recorded with 96 kg K2O fed−1. Specific gravity values ranged from 1.069 g cm-3 to 1.088 g cm-3. The applied K improved starch synthesis as it is involved in the activation of the enzyme called starch synthase, responsible for starch synthesis. It is the most suitable efficient cation stimulating the activity of this enzyme that catalyzes the incorporation of glucose into long-chain starch molecules (Mengel and Kirkby, 1978) . 3 Effect of boron on specific gravity, starch and dry matter percentage Data in Table ( 3) showed that values of all specific gravity, dry matter and starch content in tubers increased significantly with foliar application of boron. The highest dry matter (24.90 %) was recorded in T24 compared to control (18.42 %). Similar results were also reported by Bari et al. (2001) and Dissoky and Khader, (2013) . The enhanced dry matter production may be attributed to greater accumulation of photosynthesis products by vegetative parts. These effects of boron foliar spray on the previous parameters of potato quality may be referred to the role of boron on sugar transport to parts of storage (tubers), also to its role in synthesis of proteins and regulation of carbohydrate metabolism. These results are in accordance with that obtained by Bari et al. (2001) and ElBanna and Abd El-Salsm (2005) . 4 Effect of interaction between nitrogen and potassium rates on specific gravity, starch and dry matter percentage The interaction between nitrogen and potassium fertilization did not significant influenced on specific gravity and dry matter percentage of tuber except for starch was significantly Table ( 3). The highest specific gravity, starch and dry matter percentage of tuber were obtained at the treatment combination of 150 kg N fed-1 with high potassium rate of 96 kg K2O fed-1 and the lowest at control. 5 Effect of interaction between N-levels and boron on specific gravity, starch and dry matter percentage Data in Table ( 3) clearly showed that specific gravity and dry matter percentage by potato tubers were not significantly affected by the interaction between Nlevels and boron except for starch content in tubers which was significant. 6 The interaction effect between potassium rates and boron on specific gravity, starch and dry matter percentage Data in Table ( 3) clearly demonstrated that combined influence of K-levels and boron showed the highest significant value of starch (17.56%) comparing with control (13.31%). Whereas, specific gravity and dry matter were improved by K and B combination but these increases were not significant. The positive effect of K and B combination treatment on starch could be interpreted by multiple physiological functions of both elements. The ability of K to improve dry matter and specific gravity was reported by Kumar et al., (2007) . K treatments could have an important role in promoting photosynthesis and increasing transport its products to the tubers, and to enhance their conversion into starch, protein and vitamins (Mengel and Kirkby, 1978) . Boron increased the rate of photosynthesis by affecting photophosphorylation process inside chloroplasts and shift the hormonal balance in leaves and tubers especially IAA which is important for tuber growth after the onset of tuberization (Puzina, 2004) .
7 Effect of interaction among nitrogen, potassium rates and boron on specific gravity, starch and dry matter percentage Data in Table ( 3) showed that there is no significant effect in all aforementioned traits as affected by the interaction among the three tested factors except for starch percentage in tuber which was significantly. Table ( 4) showed that the quality parameters of potato tubers like carbohydrate, reducing sugar content (%) and carbohydrate yield fed -1 were significantly affected by addition of N rates. The highest contents of carbohydrate(26.47%), reducing sugar content (2.333%) and carbohydrate yield fed -1 (886.40 Kg/fed) were obtained at 150 kg N/fed while the lowest contents of carbohydrate (21.43%), reducing sugar content (1.763%) and carbohydrate yield / fed(180.39 Kg/fed) in potato tubers were recorded with the control. The favorable effect of higher N dose on potato tubers quality might be due to that N increases photosynthetic pigments content and photosynthesis rate, which in turn increased the amount of metabolites synthesized and consequently resulted in higher dry matter accumulation in tubers. Similar results reported by Saeedi, (2007) . 9 Effect of potassium on the content of carbohydrate %, reducing sugar content (%) and carbohydrate yield / fed Data in Table ( 4) showed that the quality parameters of potato tubers like carbohydrate, reducing sugar content (%) and carbohydrate yield / fed. were significantly affected by addition of K rates. Potassium (K) plays a significant role in quality as well as yield attributes of potato such as content of carbohydrate, reducing sugar content (%) and carbohydrate yield fed-1. Its application activates number of enzymes involved in photosynthesis, carbohydrate metabolism and proteins synthesis and assists in the translocation of carbohydrates from leaves to tubers (Patricia and Bansal, 1999) .The higher yield quality in case of adding of potassium may be also related to the role of potassium in translocation of produced photosynthetic assimilates and its accumulation in storage tubers and in turn increase the tuber weight, which consequently affect positively yield quality. Similar results reported by Bansal and Trehan (2011) . 10 Effect of boron on the carbohydrate content, reducing sugar content and carbohydrate yield / fed As regard to the effect of boron foliar spray on the content of carbohydrate, reducing sugar content and carbohydrate yield / fed in the potato tubers, data in Table  ( 4) indicate that boron foliar spray application caused the highest significant increase in the content of carbohydrate, reducing sugar content and carbohydrate yield / fed in the tubers compared with the untreated control. Boron nutrition regulates water absorption and carbohydrate metabolism (Haque et al. 2011) . In the plant, boron plays a major role in the translocation and production of sugars. In the presence of boron, simple organic sugars (Glucose 1-P) will form carbohydrates and complex sugar molecules. In the absence of boron these simple sugars will form phenols (Quinone phenols), which will accumulate, attract insects and increase disease pressure. When boron is deficient in tissue cambial cells cease to divide but cell elongation continues in growing zones, and as a result phloem and xylem cells are displaced from their original position so it will leads to inactivation of vascular tissue. Inactivation of phloem cells leads to a failure of translocation of carbohydrates and sugars to tubers and fruits. 11 Effect of interaction between nitrogen and potassium rates on the content of carbohydrate, reducing sugar content and carbohydrate yield / fed Regarding to the effect of nitrogen and potassium rates on the content of carbohydrate, reducing sugar content and carbohydrate yield / fed, data in Table ( (Taize and Ziger, 2000) . 12 Effect of interaction between N-levels and boron on the content of carbohydrate, reducing sugar content and carbohydrate yield / fed As regard to the interaction effects between N-levels and foliar application of boron on the content of carbohydrate, reducing sugar and carbohydrate yield / fed in potato tuber, the data presented in Table ( 13 Effect of interaction between potassium rates and boron on the content of carbohydrate, reducing sugar content and carbohydrate yield / fed K fertilizers plus boron foliar application also increased total carbohydrate, reducing sugar percentage and carbohydrate yield / fed. The highest amounts of content of carbohydrate, reducing sugar content and carbohydrate yield were obtained with the application of 96Kg K2O /fed and 100ppm boron. Michael and Beringer (1980) reported that K+ stimulates the formation of rising storage (sink) capacity through higher photosynthesis. Some enzymes are activates by potassium and plays a role in water balancing in plants. It is also important for some carbohydrate transformations. The boron beneficial effect on stimulating cell division, translocation and building of sugar, water and Mg uptake and the biosynthesis of IAA (Nijjar, 1985) could explain the present results. 14 Effect of interaction among nitrogen, potassium rates and boron on the content of carbohydrate %, reducing sugar content (%) and carbohydrate yield / fed Data in Table (4) found a significant effect in all aforementioned traits by the interaction among the three tested factors. Potassium and boron have overlapping roles in plant physiology and hence, they are synergistic. Boron and potassium are also involved in some aspects as fruiting processes and flowering, cell division, pollen germination, nitrogen metabolism, carbohydrate metabolism, hormone movement, active salt absorption and action, water and the relations water metabolism in plants. Both of them turn in acting as a buffer and necessary in the maintenance of conducting tissues and to exert a regulatory effect on other elements. It has been showing that an optimal level of boron increases potassium permeability in the cell membrane Mengel, and Kirkby, (1978) .
CONCLUSION
The positive perspective of this study emphasized the importance of nitrogen and potassium fertilization for potato plants. It is obvious that yield and its components of the potato variety spunta can be improved with the application of N and K fertilizers. Hence, application of 150 kg N fed -1 in the form of ammonium sulphate and 96 kg K 2 O /fed in the form potassium sulphate is found to be the appropriate rates for optimum productivity of potato plants in clay soil. From the present study, it was clear that both nitrogen and potassium plus boron fertilization had created a significant impact on growth and yield of potato plants and its quality. 150 kg N fed -1 and 96 kg K 2 O /fed plus boron foliar application showed the best performance on yield of potato plants and its quality.
